The µνSSM, one of supersymmetric extensions of the Standard Model, introduces three righthanded neutrino superfields to solve the µ problem and violates lepton number. Within framwork of the µνSSM, we investigate the lepton flavor violating (LFV) processes Z → l 
I. INTRODUCTION
The observations of neutrino oscillations (see Refs. [1] [2] [3] [4] [5] ) imply that neutrinos have tiny masses and are mixed, which have demonstrated that lepton flavor in neutrino sector is not conserved. Nevertheless, in the Standard Model (SM) with massive neutrinos, the expected rates for the charged lepton flavor violating (LFV) processes are very tiny, for instance Br(µ → eγ) < 10 −54 [6, 7] and Br(Z → l ± i l ∓ j ) ∼ 10 −54 [8] [9] [10] [11] , which are far from the experimental reach. In Table I , we show the present experimental limits and future sensitivities for some LFV processes [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Thus, any signal of LFV in charged lepton sector would be a hint of new physics.
TABLE I: Present experimental limits and future sensitivities for some LFV processes.
LFV process Present limit
Future sensitivity Z → eµ < 1.7 × 10 −6 [12] ∼ 2.0 × 10 −9 [14] Z → eτ < 9.8 × 10 −6 [12] ∼ (1.3 − 6.5) × 10 −8 [14] Z → µτ < 1.2 × 10 −5 [13] ∼ (0.44 − 2.2) × 10 −8 [14] µ → eγ < 5.7 × 10 −13 [15] ∼ 6 × 10 −14 [16] τ → eγ < 3.3 × 10 −8 [17] ∼ 10 −8 − 10 −9 [18] τ → µγ < 4.4 × 10 −8 [17] ∼ 10 −8 − 10 −9 [18] µ → 3e < 1.0 × 10 −12 [19] ∼ 10 −16 [20] τ → 3e < 2.7 × 10 −8 [21] ∼ 10 −9 − 10 −10 [18] τ → 3µ < 2.1 × 10 −8 [21] ∼ 10 −9 − 10 −10 [18] µ → e : Ti < 6.1 × 10 −13 [22] ∼ 10 −18 [23] Several predictions for the LFV processes Z → l ± i l ∓ j have been obtained in the framework of various SM extensions [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . In this work, we investigate the processes Z → l ± i l ∓ j in the "µ from ν Supersymmetric Standard Model" (µνSSM) [41] [42] [43] . Within the µνSSM, nonzero vacuum expectative values (VEVs) of sneutrinos lead to R-parity and lepton number violations, and generate three tiny massive Majorana neutrinos at the tree level through the seesaw machanism [41] [42] [43] [44] [45] [46] [47] [48] . Especially, the µ problem [49] of the Minimal Supersymmetric Standard Model (MSSM) [50] [51] [52] [53] [54] had been solved in the µνSSM, via the R-parity breaking couplings λ iν c iĤ a dĤ b u in the superpotential. The µ term is generated spontaneously through the nonzero VEVs of right-handed sneutrinos, µ = λ i ν
Here, the first two lines consist of mass squared terms of squarks, sleptons and Higgses.
The next two lines contain the trilinear scalar couplings. In the last lines, M 3 , M 2 and M 1 denote Majorana masses corresponding to SU(3), SU(2) and U(1) gauginosλ 3 ,λ 2 andλ 1 , respectively. In addition to the terms from L sof t , the tree-level scalar potential receives the usual D and F term contributions [42] .
Once the electroweak symmetry is spontaneously broken, the neutral scalars develop in general the following VEVs:
Thus one can define neutral scalars as usual
And one can define
For simplicity, we will assume that all parameters in the potential are real in the model.
The CP-odd neutral scalar mass matrix M 2 P and charged scalar mass matrix M 2 S ± can respectively isolate massless unphysical Goldstone bosons G 0 and G ± , which can be written as [55] [56] [57] 
In the physical gauge, the Goldstone bosons G 0 and G ± are eaten by Z-boson and W -boson, respectively, and disappear from the Lagrangian. The masses of neutral and charged gauge bosons can be given by
where e denotes the electromagnetic coupling constant, s W = sin θ W and c W = cos θ W with the Weinberg angle θ W , respectively. 
III. THE LFV DECAYS
with
where F (n)ij L,R denote the contributions from the virtual neutral fermion loops, and F (c)ij L,R stand for the contributions from the virtual charged fermion loops, respectively. After integrating the heavy freedoms out, we formulate those coefficients as follows:
Here, the concrete expressions for coupling coefficients C L,R can be found in Appendix A,
W and m is the mass for the corresponding particle. And the form factors G i are given by
Then, we can obtain the branching ratio of Z → l
where Γ Z denotes the total decay width of Z-boson. In the numerical calculation, we choose Γ Z ≃ 2.4952 GeV [58] .
IV. NUMERICAL ANALYSIS
In order to obtain a more transparent numerical results, we take the minimal flavor violation (MFV) assumptions for some parameters in the µνSSM, which assume
where i, j, k = 1, 2, 3. Restrained by the quark and lepton masses, we could have
where m u i , m d i and m l i are the up-quark, down-quark and charged lepton masses, respectively, and we choose the values from Ref. [58] .
For soft breaking slepton mass matrices m 2 L,ẽ c and trilinear coupling matrix (A e Y e ), we will introduce the slepton flavor mixings, which take into account the off-diagonal terms for the matrices and are defined as [59] [60] [61] [62] [63] [64] 
For simplicity, we will choose the slepton mixing parameters
At the EW scale, the soft masses m can be derived from the minimization conditions of the tree-level neutral scalar potential, which are given in Refs. [42, 55] . Ignoring the terms of the second order in Y ν and assuming (υ
, one can have the minimization conditions of the tree-level neutral scalar potential with respect to
where
and g 1 c W = g 2 s W = e. Solving Eq. (24), we can gain the left-handed sneutrino VEVs
and T i can be acquired from T by replacing the i-th column with
In the µνSSM, the sneutrino sector may appear the tachyons, which masses squared are negative. So, we need analyse the masses of the sneutrinos. The masses squared of left-handed sneutrinos are basically determined by soft breaking slepton mass matrix m 2 L .
And the CP-even and CP-odd right-handed sneutrino masses squared can be approximately written as
Here, the main contribution for the mass squared is the first term as κ is large, in the limit
. Therefore, we could use the approximate relation
to avoid the tachyons.
Before calculation, the constraints on the parameters of the µνSSM from neutrino experiments should be considered at first. Three flavor neutrinos ν e,µ,τ could mix into three massive neutrinos ν 1,2,3 during their flight, and the mixings are described by the PontecorvoMaki-Nakagawa-Sakata unitary matrix U P M NS [65, 66] . The experimental observations of the parameters in U P M NS for the normal mass hierarchy show that [5] sin 2 θ 12 = 0.302 
In the µνSSM, the three tiny neutrino masses are obtained through TeV scale seesaw mechanism [41] [42] [43] [44] [45] [46] [47] [48] . Assumed that the charged lepton mass matrix in the flavor basis is in the diagonal form, we parameterize the unitary matrix which diagonalizes the effective light neutrino mass matrix m ef f (see Ref. [55] ) as [67, 68] 
where c ij = cos θ ij , s ij = sin θ ij . In our calculation, the values of θ ij are obtained from the experimental data in Eq. (31), and all CP violating phases δ, α 21 and α 31 are set to zero.
U ν diagonalizes m ef f in the following way:
For the neutrino mass spectrum, we assume it to be normal hierarchical, i.e., m ν 1 <m ν 2 <m ν 3 , and we choose the neutrino mass m ν 1 = 10 −2 eV as input in our numerical analysis, limited on neutrino masses from neutrinoless double-β decay [69] and cosmology [70] . 
Recently, a neutral Higgs with mass around 125 GeV reported by ATLAS [71] and CMS [72] also contributes a strict constraint on relevant parameter space of the model.
The global fit to the ATLAS and CMS Higgs data gives [73] :
In the µνSSM, the loop effects of right-handed neutrino/sneutrino on the SM-like Higgs Due to the introduction of some new couplings in the superpotential, the SM-like Higgs mass in the µνSSM gets additional contribution at tree-level [42] . Therefore, the SM-like Higgs in the µνSSM can easily account for the mass around 125 GeV, especially for small tan β.
For moderate tan β and large mass of the pseudoscalar M A , the SM-like Higgs mass in the µνSSM is approximately given by
with the main radiative corrections [74, 75] △ m
where υ = 174 GeV, M S = √ mt 1 mt 2 with mt 1,2 being the stop masses, X t ≡ A t − µ cot β with A t = A u 3 denoting the trilinear Higgs-stop coupling and µ = 3λυ ν c being the Higgsino mass parameter.
Through the analysis of the parameter space in Ref. [ And the first two generations of squarks are strongly constrained by direct searches at the LHC [80, 81] . Therefore, we take mQ It's well known that the LFV processes are flavor dependent. The LFV rates for l j − l i transitions depend respectively on the slepton mixing parameters δ X ij , which can be numerically confirmed by Fig. 2 and Fig. 3 . In Fig. 2 , we plot the LFV rates for µ − e transitions versus slepton mixing parameter δ ). Under the constraint of the present experimental limit for Br(µ → eγ), the expected rate for Z → eµ still remains orders of magnitude below the future experimental sensitivity, and the expected rates for µ → 3e and µ − e conversion in nuclei don't reach the present experimental bounds. However, the high future experimental sensitivities still keep a hope to detect µ → 3e and µ − e conversion in nuclei. In addition, the dominance of the γ-mediated channel in the decays l allows us to derive the simplified relation [82] Br(l
which is in agree with the numerical result.
In Fig. 3(a-c) , we picture the LFV rates for τ − e transitions versus slepton mixing parameter δ Fig. 3(d-f) , as δ τ → 3e and τ → 3µ don't reach the present experimental bounds. However, the high future experimental sensitivities still keep a hope to detect τ → 3e and τ → 3µ.
V. SUMMARY
In this paper, we study the LFV processes Z → l
and muon conversion to electron in nuclei with slepton flavor mixing, within framwork of the µνSSM.
The numerical results show that the LFV rates for l j − l i transitions depend respectively on the slepton mixing parameters δ X ij , because the LFV processes are flavor dependent. In the µνSSM, the branching ratio of l 
The coefficients are 
where R S , R P , R S ± , Z ∓ and Z n can be found in Ref. [55] .
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